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Outline

e Studies for an EIC of semi-inclusive lepton-nucleon DIS and collinear fragmentation

[E. C. Aschenauer, |. Borsa, R. Sassot, CVH, PRD 99 (2019) 094004]

e Measurements from HERMES on nuclear targets
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Study set up

PYTHIA-6 for event simulation

Integrated luminosity of 10 fb-!

Kinematics: Q2>1 GeV?Z; W2>10 GeV?Z; 0.01<y<0.95

Finite detector resolution not considered

Energy=5 GeV on 100 GeV
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Two energy set ups: 5 GeV on 100 GeV and 20 GeV on 250 GeV
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Energy= 20 GeV on 250 GeV




Hadrons

 Particle identification in pseudo-rapidity range -3.5<n<3.5

e Constraints imposed by particle identification

rapidity pion momentum [GeV] kaon momentum [GeV] proton momentum [GeV]
—3.5 < rapidity < —1.0 (RICH) 0.5 < pg < 5.0 1.6 < prr < 5.0 3.0 < py < 8.0
—1.5 < rapidity < —1.0 (dF/dx) 0.2 <pg <0.6 0.2 <pyg <0.6 02<pyg <10
—1.0 < rapidity < 1.0 (DIRC and dFE/dx) 0.2 <pyg <4.0 0.2 <pg <0.7 02<pyg <1.1

0.8 < py < 4.0

1.0 < rapidity < 3.5 (RICH) 0.5 < pyg < 50.0 1.6 < pg < 50.0
1.0 < rapidity < 1.5 (dE/dzx) 0.2 <py <0.6 0.2 <py <0.6

1.5 < pg < 4.0

3.0 < pg <50.0
0.2 <pyg <1.0

e Minimum momentum: 0.5 GeV, imposed by 3 T magnetic field

Magnetic field strength: compromise between loss of low-momentum hadrons and
decrease in momentum resolution of high-momentum hadrons (at large rapidities)




Complementarity in rapidity

0.4 < z<0.8and 0.2 < pf <0.5
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 Low Q2 at backward rapidity; high Q2 at forward rapidity
* Fixed Q2: low xg at backward rapidity; high xg at forward rapidity

» Need PID at backward, mid and forward rapidity!
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Influence of PID and magnetic field

"K' -4<rapidity<-1 -1<rapidity< 1<rapidity<4

Kor @A @A

__ QA® @ @lmm

B @A o

- %o - pa0

- o ox o o NoPID o Tge,

= O 10°%<Q°<10" 0 p_>0.25GeV i

- O O 10'«Q2<10? Q70 A p >O 50 GeV

— O W 0 p >O 80 GeV e

_ O 10°%<Q°<10° e p >1.00 GeV

] IIIIIII| ] IIIIIII| ] IIIIIII| L1 11111l ] IIIIIII| ] IIIIIII| ] IIIIIII| L 1 1111l ] Ilrlnllplll ] IIIIIII| ] IIIIIII| L1 111

107 107 107 107 1072 107! 107 107 107

Xg

Xg

Xg



[pb/GeV7]

H
T

do/dx,dQ°dzdp

—
o
©

—
()
()

—
o
w

Influence of PID and magnetic field

Loss because of PID, but recovered at mid-rapidity
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Influence of PID and magnetic field

"K' -4<rapidity<-1 -1<rapidity< 1<rapidity<4
Kor @A @A
B QA @A Q@A CDzm(l)lt@
B @A o
- @g%zb " 0
- 5 o e o NoPID o Tge,
= O 10°<@°<10’ O p_>0.25GeV e
- o O 10'<2<10 e A p >O 50 GeV
— O dz» o p >o 80 GeV aAee
- O 10%<Q?<10° e p  >1.00 GeV
] IIIIIII| ] IIIIIII| ] IIIIIII| L1 11111l L 1 1111l ] IIIIIII| ] IIIIIII| L 1 1111l ] Ilrlnllplll ] IIIIIII| ] IIIIIII| L1 111
107 1072 107 107° 1072 10~ 107 1072 107
Xg Xg Xg
Loss because of magnet, but recovered at backward-rapidity

Loss because of PID, but recovered at mid-rapidity



dofdxg dQdzpH [pb/GeV]

overed kinematic region

p? [GeV]= p? [GeV]=
0.00 - 0.05 0.05 - 0.20 0.20 - 0.50 0.50 - 1.00 1.00 - 2.00 2.00-4.00 0.00 - 0.05 0.05 - 0.20 0.20 - 0.50 0.50 - 1.00 1.00 - 2.00 2.00 - 4.00
oF a o 10"
107 010°<Q’<10! | 4 10°%<Q%<10° o 3 10°F #10°<Q2<10" | 4 10%<Q’<10?
10°F =10'<Q°<10 v10°<Q“<10 s} 0] sF m10<Q°<10 v 10°<Q°<10
E < 10°F 0000, 0000,
103 i “.....“... ’...“.’...... ......':..... .....m.... ”.“..‘... ln. -.é 1 03 E .....' .'... ...... M’... ...........
- . P .
J s ot K H ﬁ H _.% 8 IQ_'_ 1 E xt ey M.. H. -ﬁk.
10°} ° £ o]
L N L
106 il o g s E oo 0000, 2000,
108 E o ° "'0... Iy '“‘m.ﬁ..ﬁ .... ° _.-\“.....'. by h.."“’o.. o '“'00." o000, lO :m ::83 E (3 \.':..... ""'o.. % %0 '“Oo....
3 ———, © [ ] % ° %0 © RS E .-*. ﬂ.- *ﬂ g
10J - - NV Y. Ady, W .-q." _..". © 3 1E Asag Ada, Aday, AA N *.."
i o 9 E
- 10°F
6F eveee 990000, #9000, e000e o E oo I
10 P 00 ¢ %o * ‘o, ¢ o o....."to. ch 10°F ) ) .....0 ‘.........'0 .“.'."'. Pooe,
10°E _-..::;‘ s -"'-.g. ._'-.:.- __::‘. R I8 o 10%E _-'-'&_..- gt L
L ] . L
1 F e AAA“A. AAAAAA. A‘“ e Wy g 1 E LYYV Py, Addas,, a2, AdAay,, o AMAAA“ A‘. AdA,, ag N AA...IA“,-
109 r o 9 F
108 F u.... “""0... 'M."%... o““"'o.... .ooo..... cloﬂ 108 ?.... %o, ”......"0. ....‘o ..........o. ""0-.... Po0g,
3F () H ] H -ﬁ . O .Ol.. F "] () 0..
1 0 F .H ™ ada n | ] *q ¢ ° ° S 1 03 F Aday, '- “‘AAAA AAAAAAAA A‘“‘AA = ik ﬂ.
1 F AAAA Am A tAm Aday y- i -'! = 1 E A8 Aa, Ax N A, X AAdaa, A “l!
A A N F Yy YVvy A oy A, AA
109 r o 9 E
C %%%000, p 10° peee, [00ee,
10°F .....‘0. “..“..'0. * °o ..“.....% 0%, & 10%F -l:.'O "..:"..... ......' ..........% ....""o 000,
i "maty -'l-1 Cpa | == % oo, | - ""-&.... o 00,
3 [ ® L gy . e
10 i Ax Ao A“‘A:- AayE lq..l. .= g 10° F AA:::’A A A“AAAAAA‘A T, ) Adaalm -*-l
;I’ L A A A A Adxy o 1E * Y vy YVvy vt - Ata
10°¢ 0000, %0, .o o 9p — Peo oo
1 06 F ............ * ...... ¢ .... ° o, ...... 8 ! 06 ;m..“'.. ... ........ ... ......
E : s X - l 10°F -""ﬁh,,__. Pooes,
10%F g A“‘A:. Fanhy Aas e g 10°F Ay S A AAAAAAA“l e -..h:?: -.‘-
L - A
1 ST EPETTTS R T R N R I ...: FIETTTTY EEPEETIT EEETTTTT ...ﬁ sovnd v bl .?.... sl ad ....A..AIAfA... FRTTTT BN BRI T @ 1 Eovvnnd vvvnd voind .:... PRTTTTY EEPRTTTY B .....:VYYK.. PRTTTT | vIval PRTTTTY BT I ....FY%.. PRTTTTY INEETIT Y ...::f..m. PIPETITY EEEETTTY EEETTTT BT
10%10°10210" 107%10210" 102102107 10°102107" 10°10210" 10‘310*210*1)( 1 104102102107 10%10%10" 10°10210" 102102107 102102107 10°%10%107" 1
B Xg

Vs =45 GeV Vs =140 GeV

V4

€0'0- 000 S0'0-€00 OLO—-S00 O¥0—-0OFO 080-0¥0 00} —080



Current and target fragmentation

pion from struck quark
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Struck quark: 4 4
KS=11 or 12, parent particle: KS=21.
Target remnant:
KS=11 or 12, nucleon as parent particle.
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Large coverage in rapidity:
improved separation current and target fragmentation

pion from target remnant
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Current and target fragmentation:
W< dependence

process Y q — ¢

Struck quark:
KS=11 or 12, parent particle: KS=21.

pion from struck quark
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do/dx,dQ%dz [pb/GeV?]

Impact of EIC data on extraction of
fragmentation functions
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Impact of EIC data on FFs

kinematic coverage

Sensitivity coefficients: correlation FF and cross section, scaled with statistical uncertainties
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Impact of EIC data on FFs
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High z region: reflection of PDF uncertainties, which grow with z for fixed xg and QZ



Hadronisation in nuclei: results from HERMES

e targets=unpolarised D, Ne, Kr, Xe >
e hadrons=charged pions, kaons, protons and antiprotons
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Probing space-time evolution of
hadronisation

Energy loss of parton by
medium-induced gluon radiation

Energy loss of (pre-)hadrons
e absorption

-3 * rescattering (small
M};’E"@@i&@ - 9 (smab

Partonic and hadronic processes:

Photon

’j Fully Formed

Hadron

— | -~ different signature
- ‘ yy ¥
-

»probe space-time evolution of
hadron formation

PDFs modified by nuclear medium

14



Multiplicity ratios

Multiplicities of Ne, Kr, Xe compared to D:

Nprs D

Approximate cancelation of
QED radiative effects

limited detector acceptance and resolution
Two-dimensional extraction (V,z); (Pni,z)
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Results (v,z)
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Results (z,v)
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e ¢ and K- similar behaviour
e p R% >> 1 @ low z for Kr and Xe
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« Stronger increase of R with
increasing Pn for protons
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Results (z,Ph 1)
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Summary

EIC has substantial impact on reduction of FF uncertainties
Large (PID) detector coverage in rapidity necessary:
« complementarity of rapidity regions in kinematic coverage
e disentanglement current and target fragmentation

Impact of limited detector resolution needs to be studied

Measurements on nuclear targets allow to study hadronisation process: studies for EIC needed
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